Voltage-driven ATP synthesis by beef heart mitochondrial F0F1-ATPase.
The F0F1-ATPase of the inner mitochondrial membrane catalyzes the conversion of a proton electrochemical energy into the chemical bond energy of ATP (Boyer, P.D., Chance, B., Ernster, L., Mitchell, P., Racker, E., and Slater, E.C. (1977) Annu. Rev. Biochem. 46, 955-1026). To assess the role of the membrane potential (delta psi) in this process and to study the effect of very short pulses on ATP synthesis, we employed a high voltage pulsation method (Kinosita, K., and Tsong, T.Y. (1977) Proc. Natl. Acad. Sci. U.S.A. 74, 1923-1927) to induce a delta psi of controlled magnitude and duration in a suspension of submitochondrial particles and F0F1-ATPase vesicles. Cyanide-treated submitochondrial particles were exposed to electric pulses of 10-30 kV/cm of magnitude (generating a peak delta psi of 150-450 mV) and 1-100 microseconds duration. Net [32P]ATP synthesis from [32P]Pi and ADP was observed with maximal values of 410 pmol/mg X pulse for a 30 kV/cm-100-microseconds pulse. This corresponds to a yield of 10-12 mol of ATP per mol of F0F1 complex per pulse. As many as 4 nmol/mg were produced after pulsing the same sample 8 times. By varying the ionic strength of the suspending medium, and consequently the pulse width, it is clearly shown that the synthesis was electrically driven and did not correlate with Joule heating of the sample. Titrations using specific inhibitors and ionophores were performed. The voltage-induced ATP synthesis was 50% inhibited by 0.11 microgram/mg of oligomycin and 2.4 nmol/mg of N,N'-dicyclohexylcarbodiimide. Ionophores and uncouplers had varying degrees of inhibition. The dependence of ATP synthesis on pulse width was nonlinear, exhibiting a threshold at 10 microseconds and a biphasic behavior above this value. Isolated F0F1-ATPase reconstituted into asolectin vesicles also synthesized ATP when pulsed with electric fields. A 35 kV/cm pulse induced the synthesis of 115 pmol of ATP per mg of protein, which corresponds to approximately 0.34 mol of ATP per mol of F0F1-ATPase. This synthesis was also sensitive to oligomycin and dicyclohexylcarbodiimide. The possibility of turnover of the ATPase in microseconds is considered.